Background: Emerging evidence suggests that combined physical activity (PA) and inactivity may be more important for chronic disease risk than PA alone. A highly active yet highly sedentary population is needed to study this interaction. The present purpose is to describe the sitting habits of a group of recreational runners and determine if sitting varies with reported training duration or anticipated running velocity. Methods: Marathon and half-marathon participants completed the Multicontext Sitting Time Questionnaire and reported peak training duration, anticipated finishing time, and demographic information. Sitting time was described across 5 contexts for workdays and nonworkdays. Total sitting time was analyzed by tertiles of training duration and anticipated event running velocity. Results: 218 participants took part in this study. Median reported training time was 6.5 hours per week. Median total sitting time was higher on workdays than nonworkdays (645 and 480 minutes, respectively, P < .0001). Total sitting time was not associated with training duration or anticipated event running velocity. Conclusions: These results suggest that recreational distance runners are simultaneously highly sedentary and highly active, supporting independence of sedentary behaviors and moderate-to vigorous-intensity PA. This population may provide the characteristics needed to study the joint effects of active and sedentary behaviors on health outcomes.
In 2008, Pate et al defined "sedentary behaviors" as those activities requiring an energy expenditure of 1.0-1.5 metabolic equivalents (METs), 1 of which sitting is a prominent example. In that same year, a paper by Matthews et al estimated that adults and children in the United States spend an average of 7.7 hours per day, or approximately 55% of waking hours, in sedentary pursuits. 2 Using a variety of measures, time spent sitting has recently shown direct associations with several adverse health outcomes, including undiagnosed diabetes mellitus, impaired glucose tolerance, obesity, waist circumference, systolic blood pressure, triglycerides, low HDL-cholesterol, and all-cause mortality. [3] [4] [5] [6] [7] In many studies, these associations remain significant after controlling for time spent in moderate-to vigorous-intensity physical activity (PA). This suggests that moderate-to vigorous-intensity PA may not fully protect against the harmful effects of prolonged sitting. A logical extension of this argument is that even those at the highest volume of PA may experience attenuated health benefits conferred by high activity levels 8 if significant time is spent in sedentary pursuits.
To date, few data exist on total daily sitting time in highly active populations. In 2008, Healy et al reported daily television (TV) viewing among an active subgroup of Australian adults. 5 All respondents met or exceeded PA guidelines 9 and reported a mean daily TV viewing time of 1.85 hours for men and 1.60 hours for women. Although they were able to demonstrate significant associations between TV viewing time and markers of cardiometabolic risk, the analyses relied on an incomplete measure of sitting, as TV viewing is 1 of many waking activities that require < 1.5 METs.
Currently, no dose of PA has been identified that nullifies the association between sitting and markers of poor health, though Katzmarzyk et al provided conceptual evidence for such a dose. 7 They were able to show an attenuated but still significant dose-response relation between sitting time and all-cause mortality in adults after stratifying by an estimated energy expenditure equivalent to meeting PA guidelines.
Investigations describing the sitting habits of highly active people can add to this debate, and may reveal if the associations between sitting time and health are present across categories of PA volume that include the highly active. For example, if a more highly active group with adequate sitting exposure had been available for analysis 10 Therefore, the purpose of this paper is to describe the daily sitting behavior of marathon and half-marathon participants in Austin, Texas, USA and test the hypotheses that sitting does not vary across tertiles of reported training time or anticipated event running velocity.
Methods
Permission to conduct the study was granted by the race director, and all activities were approved by the Institutional Review Board of the University of Texas Health Science Center at Houston. Due to confidentiality agreements, all contact with participants occurred through the race organizers. Four weeks before the events, a single, brief recruitment announcement and link to an on-line questionnaire was e-mailed to the registered participants as part of a race newsletter. Recipients were asked to voluntarily complete an online questionnaire regarding their sitting habits and training programs for the race. The survey remained available until the day of the events.
Assessment Techniques
This study used the Multicontext Sitting Time Questionnaire (MSTQ), a brief, self-administered instrument designed to assess sitting time across domains and contexts (working / reading /studying, watching TV or movies, using a computer or video game (nonwork), transportation, and talking/texting/ socializing) on a typical workday and nonworkday. In addition to describing the major contributors to daily sitting, contexts may act as cues to aid in a more accurate recall of total daily sitting. During MSTQ development, these particular categories were chosen to apply to both students and professionals. Validation of the internet-administered MSTQ in a similarly active sample has indicated strong test-retest reliability (intraclass correlations > 0.70 for total sitting) and adequate convergent validity compared with accelerometer-estimated sedentary time (Pearson correlation coefficients of 0.34 and 0.61 for workday and nonworkday, respectively).11 The MSTQ was converted to electronic format through the user interface of a commercial survey company (www. questionpro.com). All participants were presented an informed consent and could indicate agreement by choosing to continue to the survey. An example of the MSTQ is available in the Appendix. Additional questions adapted from the Behavioral Risk Factor Surveillance System 12 were added to the MSTQ to collect demographic information. Participants were also asked to indicate which event they had entered (marathon or half-marathon), provide an anticipated finishing time (hours and minutes), and report their maximum duration of training (hours per week) for this event. Maximum training duration was selected in an effort to ease participant recall burden.
Statistical Methods
Two weeks after the marathon and half-marathon, the survey database was downloaded for analysis. For consistency, all time variables reported as hours and minutes were converted to minutes. Total sitting time was calculated separately for workdays and nonworkdays as the sum of sitting time across the 5 contexts of the MSTQ. Responses that were greater than 1440 minutes (24 hours) per day of sitting were deemed unreliable and were excluded from further analyses of sitting time. Body Mass Index (BMI) was calculated as 703 × (reported weight in pounds ÷ reported height in inches) 2 . Anticipated running velocity (minutes/kilometer) was calculated by dividing the anticipated finishing time in minutes by the race distance (42 and 21 km for marathon and half-marathon, respectively).
Univariate analyses were conducted on measured parameters, including demographics and assessed for normality with Shapiro-Wilk tests. Because most continuous variables were not normally distributed, medians with interquartile ranges were generated for summary statistics, and proportions were generated for categorical variables. The nonparametric Wilcoxon rank-sum test was used to examine differences between marathon and half-marathon participants. Wilcoxon sign-rank tests were used when examining paired differences between workdays and nonworkdays. Kruskall-Wallis tests were used to test the hypotheses that mean sitting time does not vary across tertiles of 1) reported training time or 2) anticipated running velocity. Significance was set at α = .05, all calculations were conducted in STATA 11SE (STATA Corp, College Station, Texas, USA).
Results
According to correspondence with event organizers, 14,527 recipients opened the e-mail newsletter on the day of recruitment; of those, 233 participants clicked on the questionnaire link. Of those who clicked on the link, all but 1 agreed to the consent statement. Of the 232 consented participants, 14 answered no other questions, leaving 218 who provided a response to at least 1 demographic question. Of these, 200 reported workday sitting time, 5 of whom reported greater than 1440 minutes of sitting and were excluded, leaving an analytic sample of 195 for workdays. For nonworkdays, 199 reported any sitting time, all of which were less than 1440 minutes. Analyses revealed no statistically significant differences in reported sitting among those reporting injury, illness, or otherwise altered activity (results not shown). Accordingly, respondents were not excluded on the basis of these questions.
Descriptive characteristics of the respondents are presented in Table 1 . There were approximately twice as many half-marathon respondents (n = 139) as marathon respondents (n = 79), which is consistent with a 2:1 registration pattern as noted on the event website (www. youraustinmarathon.com). Respondents in both events tended to be young, educated, female adults. Employment status was similar between participants in the 2 events, with the majority reporting employment for wages or selfemployment. Marathon runners reported significantly more hours of training per week than half-marathon runners (medians of 8 hours•wk -1 versus 6 hours•wk -1 , respectively, P < .001), with no difference in anticipated running velocity.
Median values of sitting and sleeping time on workdays and nonworkdays are presented in Table 2 . Significant differences in sitting time between marathon and half-marathon participants were limited to nonworkday recreational computer and video game use (108.7 minutes versus 77.1 minutes, respectively, P = .02). Because of the similarity of results between events, differences between workdays and nonworkdays were examined for the combined dataset ( Table 2 , lower panel). Sleeping time, sitting during TV or movie watching, sitting during recreational computer or video game, and sitting during talking, texting, and socializing were all significantly lower on workdays versus nonworkdays. Total sitting time and sitting during working, reading, or studying were significantly higher on workdays versus nonworkdays. The contribution of each context to the total reported minutes of sitting is presented in Figure 1 . On workdays, sitting during work accounts for over half of all sitting time. On nonworkdays, the distribution across contexts is more even, with TV/movie watching contributing the most minutes to total sitting. Median sitting time stratified by tertiles of reported training time and anticipated running velocity is presented in Table 3 , as well as results of Kruskall-Wallis tests. As in the pooled analysis, reported sitting time tended to be lower on nonworkdays than workdays. There were no significant differences in reported total sitting time across tertiles of reported training time or anticipated running velocity for either workdays or nonworkdays.
Discussion
The objectives of the current study were to assess the reported sitting habits of marathon and half-marathon participants and test the hypotheses that total sitting is consistent across tertiles of reported training time and anticipated running velocity. The results indicate that participants in both events spend large portions of their waking hours sitting, with medians of near 10 hours for workdays and 8 hours per nonworkday. Further, sitting time does not appear to significantly vary across tertiles of reported training time or anticipated running velocity in this sample. The MSTQ provides information on the contexts that comprise daily sitting. As may be predicted, respondents in this sample reported the majority of their workday sitting time occurred during "working / reading / studying." For nonworkdays, sitting was distributed more evenly, though "TV / movies" and "working / reading / studying" accounted for a combined 54% of nonworkday sitting (Figure 1 ). The amount of time reported during "working / reading / studying" on nonworkdays (median of 120 minutes) is surprising and may further support the workplace as an important context for interventions targeting prolonged sitting such as active workstations. 13 To the authors' knowledge, this is the first study with the primary purpose of assessing the sitting habits of recreational endurance athletes. These results suggest that this population can be considered both highly active and highly sedentary, with a median reported peak training load of 6.5 hours per week, and reported sitting times in excess of 8 hours per day. The duration of sitting in this study exceeded the national accelerometer-estimated sedentary time provided by Matthews et al (daily adjusted mean of 7.7 hours). 2 This difference may be explained by different assessment techniques, as validation of the MSTQ revealed consistently higher estimates of sitting time compared with accelerometry (manuscript under review). It should be noted that the high level of education and employment in the present sample lends support to a primarily sedentary work environment: employment sectors usually associated with moderate-intensity PA, such as manufacturing and construction, generally require less formal education than sectors associated with sedentary duties, such as information, financial, professional, and business services. 14 The combination of sedentary and active behaviors seen in this study may contribute to future research investigating the combined health effects of prolonged sitting and PA. Specifically, the variability in reported training time (coefficient of variation 0.75) in this group may allow investigation into the dose of PA that attenuates or nullifies the previously-demonstrated associations between sitting and markers of poor cardiometabolic health. [3] [4] [5] [6] [7] To date, these studies have lacked sufficient numbers of highly active participants, limiting the power to detect associations at very high PA volumes. Recruitment of endurance event participants may remedy this. Although event participants are generally in good health, stratification by fitness level has revealed considerable variability in risk factors such as high-and low-density lipoprotein cholesterol (HDL-c and LDL-c) in male marathoners. 15 More recently, La Gerche et al reported a mean systolic blood pressure of 147 mm Hg among a sample of 40 endurance athletes, a value that is within the JNC-7 diagnostic criteria for stage I hypertension. 16, 17 Though more evidence is needed, these data lend support the use of this population in future investigations into the interplay of sedentary and active behaviors on health.
The lack of variability in sitting time across tertiles of training time strengthens the argument that "sedentariness" and lack of PA are distinct constructs. Previous researchers have coined the term "active couch potato" to describe a person that may meet PA guidelines by performing daily exercise at moderate-to vigorous-intensity, and subsequently sit for the majority of his or her waking hours. 18 This study extends this concept to a select, very active subgroup of the population. Our results suggest that sedentary behaviors do not displace moderate-to vigorous-intensity activities, as the 2 coexist at high levels in this sample. The results of analyses stratified by reported training time (Table 3 ) strengthen this argument: for both workdays and nonworkdays, those reporting more hours per week of endurance training reported similar sitting to those with fewer hours of training. If sedentary time displaced time in moderate-to vigorous-intensity PA, one would expect less sitting with higher training duration. It is this combination of uniformly high sitting time and variable, yet consistently high PA participation, that qualifies recreational runners as a population to investigate the interaction of physically active and sedentary behaviors on health outcomes.
Strengths of the current study include the use of the MSTQ, a validated tool that assesses sitting across 5 contexts on a typical workday and nonworkday. Use of the MSTQ also allows investigation into the components of daily sitting. This advances research on sitting behaviors beyond traditional single-item measures 7 and proxy measures. [3] [4] [5] Limitations to the current study include a potential selection bias due to the relatively small sample size. Registration for the combined events totaled approximately 19,000. The 199 respondents reporting nonworkday sitting represent ~1% of registrants. Unfortunately, we are unable to know how many of the 14,527 e-mail recipients read the recruitment message among the other articles in the newsletter, but of 233 whom clicked on the survey link (and thus had the opportunity to accept or decline participation), 199 or 85.4% provided useful information. Those that clicked on the survey link may be different from other participants in these events and may not represent recreational distance runners in general. Though the present sample was predominantly female, education profiles were similar to a national survey conducted by the running industry. 10 Previous studies suggest that marathon entrants are willing to answer health-related surveys, 19 so future research efforts may benefit from face-to-face recruitment, personalized e-mail messages, mailed paper surveys, and small running-related incentives. An additional limitation is the use of self-reported peak training duration, a parameter that has not been well-studied. In 2010, Grimsmo et al showed that self-reported training time among a cohort of cross-country skiers predicted attenuation of age-related decline in VO 2 max, lending support for the ability of athletes to accurately report training status. 20 Additional data are needed to confirm this in recreational runners. Finally, lack of normality in study variables precluded the use of parametric statistics, resulting in reliance on less-powerful nonparametric techniques.
In conclusion, the results of this study indicate that recreational distance runners are both highly active and highly sedentary. The majority of sitting on workdays occurs in the context of working, reading, or studying, while TV and movie watching are the primary contributors to nonworkday sitting. Interestingly, sitting time is not associated with reported training time or running velocity, indicating that sedentary behaviors are not displacing MVPA in this population. The combined high exposure to sitting and MVPA in this subgroup may be useful for future research into the interaction of active and sedentary behaviors and relations with important health risk factors and outcomes. 
